# 



35 . m programmable input /output device for 
coupling a programmable logic device (PLD) to external 
circuitry, the imput/output device comprising: 

an inpuw output pad; 

an outpull buffer adapted to receive output signals 
from the PLD, the output buffer modifying the output signals 

\ 

and being coupled to *the input/output pad; 

an input buffer adapted to receive a reference 

signal and input signals from the input /output pad and from 

\ 

the output buffer, the input buffer comparing the received 

\ 

input signals to the reference signal to produce a 

V 

differential signal and coupling the differential signal to 
the PLD to provide the PLP\ with modified input signals; and 

■ \ 

a plurality of programmable elements that select 

Y 
\ 

the standard with which the Wtput buffer and the input 
buffer respectively modify trie output and input signals. 



36 . The programmable^ input /output device of claim 

\ 

35, wherein the plurality of programmable elements further 

\ 

comprise : \ 

\ 

a first programmable element coupled to the output 

\ 

buffer and the input buffer; and \ 



a second programmable element coupled to the output 

buffer . 

37 A The programmable input /output device of claim 
36, wherein the\ plurality of programmable elements are 
elements from thfe group of SRAM, EPROM, EEPROM, fuse and 
ant if use elements^ 

38 . The ferogrammable input /output device of claim 
35, wherein the inpi\/output device provides signal 
modification in accordance with logic standrds from the group 

~ ~ ~ . JL, 



39 . Ae programmable input /output device of claim 
35, wherein the input buffer comprises: 

a differential amplifier circuit being adapted to 
receive the input signals; 

I. 

control circuitry that controls the modification of 

\ 

the input signals in\ accordance with the standard selected by 

v 

the plurality of programmable elements; and 

inversion circuitry that provides the modified 

i 

input signals to the PDE) . 
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in 



40 . The programmable input /output device of claim 

39, wherein the differential amplifier circuit and the 

x 

\ 

control circuit operate in conjunction with each other to 
provide the modifications of the input signals in accordance 

v 

with a plurality ofi\ logic standards. 



41 . The programmable input /output device of claim 
|n 39, wherein the differential amplifier circuit and the input 

buffer operate independent of each other such that the 

modifications of the input signals are performed by the input 

U \ 

r~i buffer in accordance wifch a first logic standard and by the 

\H differential amplifier circuit in accordance with a second 

\ 

logic standard, the first and second logic standards being 

\ 

selected by the plurality, of programmable elements. 

\ 

C^ /r ^ 2 ^ 42 . The programmable input /output device of claim 

41, wherein the input buffer is optimized for speed to 
provide modification in accordance with the first logic 
standard at increased speed. V 



43 . The programmable input /output device of claim 

\ 

41, wherein the differential amplifier circuit is optimized 



for speed to provide modification in accordance with the 

\ 

second logic standard at increased speed. 



in 



44 . A rifrogrammable input /output device for 
coupling a programmable logic device (PLD) to external 

\ 

circuitry, the inputs/output device comprising: 

*\ 

means for cbupling the input /output device to the 

\ 

ext e rnal c i r cui t rv ; \| 

^ \ 

means for receiving output signals from the PLD and 



for modifying the output signals in accordance with a 



selected logic standard 



| the means for receiving providing 



the modified output sigilals to the means for coupling; 



means for modifying input signals received from the 
?*j means for receiving and the means for coupling in accordance 

VP with the selected logic standard, the means for modifying 

m \ 

N including a means for comparing the received input signals to 

I 

a reference signal to produce a differential signal and for 



providing the modified input signals to the PLD; and 

means for selecting the selected logic standard 

L 

from a plurality of logic standards. 



45 . The programmable input /output device of claim 
44, wherein the means for receiving comprises: 

\ 

circuitry for modifying the output signals to an 

\ 

appropriate high voltage level in accordance with the 

\ 

selected logic standard if the output signals are logic high 
signals; and 
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i 



circuftry for modifying the output signals to an 
appropriate low voltage level in accordance with the selected 
logic standard if the output signals are logic low signals. 



46 . The programmable input /output device of claim 

i 

44, wherein the means, for modifying comprises: 

i 

M a first conversion circuit for converting the input 



y] 



Pi % 

pi signals in accordance twith a first logic standard; and 

& I 

VI a second conversion circuit for converting the 



i 

input signals in accordance with a second logic standard, 

\ 

a \ 

u \ 

47 . The programmable input /output device of claim 

\ 

46, wherein the first and second conversion circuits are 
merged into a single conversion circuit. 



48 . The programmable input /output device of claim 

\ 

46, wherein the first and second conversion circuits are 

i 

substantially independent on each other such that they may be 
independently optimized for operational speed improvements. 



49 . A method for providing a programmable logic 
device (PLD) with the capability of being selectively coupled 
to external circuitry that operates in accordance with a 



selected one Kgf a plurality of logic standards, the method 
comprising : 

progr'ammablv selecting the selected one of a 
plurality of logic standards; 

modifying output signals from the PLD in accordance 
with the selected VI ogic standard such that high PLD signals 

V — — 

correspond to high ^signals of the selected standard and low 



I 



PLD signals correspond to low signal of the selected 
standard; \^ 

receiving input signals from an external interface; 



% 

comparing th% received input signals to a reference 
signal to produce a differential signal in accordance with 



the selected logic standard such that high input signals are 

i 

converted to high PLD si"gnals and low input signals are 
converted to low PLD sigi^als. 

50 . The method of claim 49 , wherein the 
programmafaly selec\ing further comprises selecting a logic 
standard from the group including; TTL , CMOS , open drain 
logic, GTL , terminated HSTL, and non- terminated HSTL. 



51 . The method of claim 49, wherein the 
programmablv selecting fiurther comprises applying a plurality 



of Select Bits to a plurality of programmable elements. 

\ 



52 . ^ programmable input /output device capable of 

\ 

operating at multiple logic standards comprising: 



input 



an inpub/output terminal; 

a^plura^Ltv of programmable elements; and 
an input\mffer having circuitry controlled by at 
least one of the plurality of programmable elements to select 
between a first logiL standard and a second logic standard 



wherein the second logic standard is a differential logic 

\\ 

standard. ^ 

\ 

53 . Tlae programmable input /output device of claim 
52 wherein the differential logic standard is a standard from 
the group of HSTL akd GTL. ^ 



54 . The programmable input /output device of claim 
52 wherein the first logic standard is a standard from the 
group of TTL or CMOS . 

55 , The programmable input /output device of claim 
52 wherein the programmable elements are elements from the 
group of SRAM, EPROM, EEPROm and antifuse elements. 



x 



56 . The programmable input /output device of claim 
52 wherein the input bufJbr further comprises a differential 



\ 
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HI 



i: 



amplifier circuit that is used for generating the 
differential logdc standard. 



57 . The* programmable input /output device of claim 
52 wherein at leasts one programmable element is coupled to 
the input buffer, 

58 , The programmable input /output device of claim 
52 further comprising! an output buffer having circuitry 
controlled by at least one of the plurality of programmable 

I 

elements to select betlween the first logic standard and the 
second logic standard. 



59 . The programmable input /output device of claim 

t 

58 wherein the second logic standard is a differential logic 
standard . 



60 . The programmable input /output device of claim 

\ 

58 wherein at least one programmable element is coupled to 



the input buffer. ^ 



61 . The programmable input /output device of claim 



60 wherein the input buffer arid the output buffer are 
controlled by the same programmable element. 



62 ,\ . A programmable input/output buffer capable of 
operating at multiple logic standards comprising: 
an input Aputput terminal ; 
a pluralit^\of programmable elements; 
an input buffos , ; and 

an output buf f erYaving circuitry controlled by at 
least one of the plurality ofNprogrammable elements to select 
between one logic standard and g\dif f erential logic standard. 



63 . The programmable inpuA/output device of claim 
62 wherein the differential logic starfldard is a standard from 
the group of HSTL and GTL . 



64 . The programmable input /output device of claim 
62 wherein the first logic standard is a \tandard from the 
group of TTL and CMOS. 



65 . The programmable input /outputs device of claim 
62 wherein the programmable elements are elements from the 



Lem 

T 



group of SRAM, EPROM, EEFR OM, and . ant i fuse elements 

66 , The prc^brammable input /output device of claim 
least onl 



62 wherein at 

the output buffer 



programmable element is coupled to 



v * 



67jV The programmable input /output device of claim 
62 further comdrisinq an intput buffer having circuitry 
controlled by at\east one of the plurality of programmable 
elements to select between the first logic standard and the 
second logic standard. 



68 . \?he programmable input /output device of claim 
67 wherein the second logic standard is a differential logic 
standard. 



\ 



69 . The ^programmable input/output device of claim 

\ 

61 wherein at least lone programmable element is coupled to 
the output buffer. \ 



70 . The programmable input /output device of claim 
6 9 wherein the input buffer and the output buffer are 

\ 

controlled by the same programmable element. 

\ 

71 . A programmable input /output device comprising: 

\ 

an input /output terminal; 

i 

an input buffer and an output buffer coupled to the 

\ 

input /output terminal, each of which includes means for 

\ 

modifying signals applied to the input/output terminal to a 

\ 



ii 



selected one*! of multiple logic standards wherein at least one 

i 

of the multiple logic standards is a differential logic 
standard; and ^ 

a plurality of programmable elements for selecting 
the logic standard at which the input and output buffers 
operate . 

72\ The programmable input /output device of claim 
71 wherein theNinput buffer and the output buffer further 
comprise means fok modifying signals applied to the 
input /output terminal to a logic standard from the group of 
TTL, CMOS, GTL and HS. 
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73 . *The input/output device of claim 71 , wherein 
the input buffer and the output buffer share at least one 



programmable element . 

\ 

74 . ^ method of operating a programmable 
input /output device at a selected one of multiple logic 



standards, the method comprising; 

1 \ 

i selecting a logic standard; 

receiving an input signal at an input of the 

A 

input /output device; and 

i 
\ 
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m 



m 



modifyiriQ the input signal based on the selected 
logic standard; wherein at least one of the multiple logic 
standards is a differential logic standard. 




e method of claim 74, wherein the modifying 



further comprises modifying the input signal to comply with a 



i^Sa. 1 - 

i termini 



logic standard from the group including: TTL, CMOS, open 
drain logic, GTL, terminated HSTL, and non- terminated HSTL. 




Mil 
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